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I e INTRODUCTION 

A. Purpose 

The Space F l i g h t  Opera t ions  Memorandum summarizes,  on t h e  basis of t h e  
in fo rma t ion  a v a i l a b l e  a t  t h i s  time, t h e  f o l l o w i n g :  

1) 

2)  Performance of t h e  v a r i o u s  t r a c k i n g  f a c i l i t i e s  involved .  

Performance of t h e  Space F l i g h t  Opera t ions  Complex (SFOC). 

3 )  A n a l y s i s  of t h e  t e l e m e t r y  d a t a  r e c e i v e d .  

4 )  Performance of t h e  s p a c e c r a f t .  

5 )  O r b i t a l  d a t a .  

B. Summary 

Hanger I11 was launched  on Janua ry  26 ,  1962 a t  203011 GMT. A f a i l u r e  
i n  t h e  Atlas ground Ruidance sys tem r e s u l t e d  i n  a l a t e  b o o s t e r  c u t o f f  w i t h  no 
c o n t r o l  o v e r  t h e  s u s t a i n e r  c u t o f f  time t o  compensate for  t h e  excess v e l o c i t y  
accumulated.  Two programmed Agena bu rn ing  p e r i o d s  fo l lowed and t h e  s p a c e c r a f t  
was i n j e c t e d  i n t o  a n  o r b i t  w i t h  too hiEh an energy  f o r  it t o  i n t e r c e p t  t h e  Moon. 
The excess i n j e c t i o n  energy  was c o n s i d e r a b l y  p , r ea t e r  t h a n  t h a t  which t h e  mid- 
c o u r s e  p r o p u l s i o n  sys tem w a s  des igned  t o  correct, so t h a t  t h e  p o s s i b i l i t y  of a 
s u c c e s s f u l  l u n a r  impact mis s ion  was r u l e d  o u t  e a r l y  i n  t h e  f l i g h t .  

The o v e r - a l l  f l i g h t  performance of t h e  s p a c e c r a f t  was q u i t e  s u c c e s s f u l ,  
b u t  t h e r e  were a few f a i l u r e s  which r e s u l t e d  i n  some m o d i f i c a t i o n s  t o  t h e  
RA-4 s p a c e c r a f t  and s u p p o r t i n g  o p e r a t i o n s .  
I n s t r u m e n t a t i o n  F a c i l i t y  (DSIF)  provided  t r a c k i n p  and t e l e m e t r y  coverage  con- 
t i n u o u s l y  for f i v e  d a y s  e x c e p t  f o r  p e r i o d s  when t h e  RF s i g n a l  was too weak t o  
r e c o v e r .  The s p a c e c r a f t  s i g n a l  was lost a t  1854 GMT on Janua ry  31, s h o r t l y  
a f t e r  t h e  s u p p l y  of gas used  for  a t t i t u d e  s t a b i l i z a t i o n  was exhaus ted .  The 
s p a c e c r a f t  a t  loss  of s i g n a l  was approx ima te ly  452,000 s t a t u t e  miles from Ear th .  

The s t a t i o n s  of t h e  Deep Space 

11. SPACE FLIGHT OPERATIONS COMPLEX (SFOC) 

The Space F l i g h t  Opera t ions  Complex is  t h e  area wherein a l l  d e c i s i o n s  
r e l a t i v e  t o  t h e  f l i g h t  are made, 
and  are e f f i c i e n t l y  made is a measure of t h e  p r o p e r  f u n c t i o n i n g  of t h e  Complex, 
The a b i l i t y  t o  react e f f i c i e n t l y  t o  nons tanda rd  modes of o p e r a t i o n  is also a n  
i m p o r t a n t  measure of t h e  p r o p e r  f u n c t i o n i n g  of t h e  Complex, 

The e x t e n t  t o  which t h e s e  d e c i s i o n s  are correct 

From launch  t o  i n j e c t i o n  n o  downrange d a t a  were s u p p l i e d  by AMR, Personnel  
i n  t h e  Space F l i g h t  Opera t ions  C e n t e r  
i n fo rma t ion  u s i n g  t h e  time of f l i g h t  and a nominal  t r a j e c t o r y ,  
de te rmined  t o  t h e  d e s i r e d  l e v e l  of accu racy  a t  t h e  times r e q u i r e d ,  
s t a n d a r d  t r a j e c t o r y  was recogn ized  e a r l y  enough so t h a t  s u f f i c i e n t  e v a l u a t i o n  of 
t h e  a l t e r n a t i v e  miss ions  was p o s s i b l e ,  

g e n e r a t e d  t h e  i n i t i a l  DSIF a c q u i s i t i o n  
The o r b i t  was 

The non- 
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The midcourse maneuver was i n i t i a t e d  somewhat earl ier t h a n  planned.  The 
command was g e n e r a t e d ,  checked,  and t r a n s m i t t e d  t o  t h e  DSIF w i t h  no d i f f i c u l t i e s  
or holdups ,  

The terminal maneuver was i n i t i a t e d  much e a r l i e r  t h a n  planned.  The SFOC 
was able t o  react t o  t h e  change w i t h  n o  d i f f i c u l t y ,  

For t h i s  f l i g h t ,  t h e  Space Technology L a b o r a t o r y ' s  IBM 7090 computer was 
used  as a backup t o  t h e  JPL C e n t r a l  Computing F a c i l i t y .  
n e c e s s a r y  t o  u s e  t h i s  backup c a p a b i l i t y ,  

A t  n o  time was it 

111. TRACKING PARTICIPATORS 

A. Genera l  

The p r i n c i p a l  p a r t i c i p a t o r s  i n  t r a c k i n g  Ranger I11 were t h e  A t l a n t i c  
Missile Range (AMR) and t h e  Deep Space I n s t r u m e n t a t i o n  F a c i l i t y  (DSIF),  A blown 
fuse caused by t h e  a c t i v i t y  of TV cameramen c o v e r i n g  t h e  o p e r a t i o n  r e s u l t e d  i n  a 
power f a i l u r e  i n  t h e  LCTT and t h e  RFT. Standby power was i n  e f fec t  w i t h i n  one  
minute  and both t r a i l e r s  were on f i rm  power w i t h i n  approx ima te ly  twenty  minutes .  
Tracking  p a r t i c i p a t i o n  d i v i d e s  o p e r a t i o n a l l y  i n t o  l a u n c h - t o - i n j e c t i o n  and p o s t -  
i n j e c t i o n  phases .  
t h e r e f o r e  d e s c r i b e d  below unde r  t h e  a p p r o p r i a t e  phase.  

P a r t i c i p a t i o n  and performance of each  t r a c k i n g  f a c i l i t y  and 

B. L i f t o f f - t o - I n j e c t i o n  

1. AMR P a r t i c i D a t i o n  i n  Tracking  Ranp,er 

a. Up-Range ( A n t i g u a )  S t a t i o n s  

No r a d a r  data  of t h e  Agena p a r k i n g  o r b i t  was r e c e i v e d  e i t h e r  
by J P L  or  t h e  AMR computer ( Impact  P r e d i c t o r  B u i l d i n g )  due t o  f a i l u r e  of communi- 
c a t i o n  equipment a t  San S a l v a d o r ,  A n t i r u a ,  and P u e r t o  Rico. No Twin F a l l s  
V ic to ry  t r a c k i n f f  s h i p  p a r t i c i p a t i o n  was expec ted .  
of t h e s e  s o u r c e s ,  Antipua,  was t o  be r e l a y e d  t o  J P L  i n  rea l  t i m e .  

The d a t a  from o n l y  one 

b. Down-Range (Ascension,  American Mariner  S h i p )  S t a t i o n s  

Due t o  lack o f  i n fo rma t ion  from up-range s ta t ions  and t h e  
nons tandard  t r a j e c t o r y ,  t h e  Ascension Is land radar d i d  n o t  a c q u i r e  t h e  Agena 
u n t i l  a b o u t  t e n  minu tes  a f t e r  i n j e c t i o n  ( f o u r  minutes  a f t e r  rise a t  South Africa), 
The data was r e c e i v e d  by JPL b u t  was n o t  used  because  
a c q u i r e d  t h e  s p a c e c r a f t ,  and 

1) t h e  MTS had a l r e a d y  
2 )  r a n g e  a m b i g u i t i e s  were p r e s e n t  i n  t h e  d a t a .  

The American Mariner  (DAMP) s h i p  a c q u i r e d  t h e  Agena on 
s c h e d u l e  and o b t a i n e d  d a t a  on t h e  e a r l y  p o s t i n j e c t i o n  o r b i t  
communication (a tmosphe r i c  loss  of communication a t  t w i l i g h t )  and o p e r a t i o n a l  
d i f f i c u l t i e s  on a l t e r n a t e  t r a n s m i s s i o n  f r e q u e n c i e s ,  t h e  d a t a  d i d  n o t  r e a c h  JPL 
or  t h e  Cape f a c i l i t y  i n  rea l  time, 
t o  t h e  Cape Canavera l  Impact P r e d i c t o r  Bui ld ing .  The d a t a  was n o t  used;  however, 
a copy was s u p p l i e d  t o  JPL, and was s u b s e q u e n t l y  a n a l y z e d ,  

bu t ,due  t o  

Some h o u r s  l a t e r  t h i s  da ta  was r e t r a n s m i t t e d  

2 
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c, A n a l y s i s  of Ascension and American Mariner  Data 

The Ascension d a t a  was s u r p r i s i n g  i n  t h a t  t h e  first p o i n t  
Peceived was a t  a r ange  of 4,738 km, 
The d a t a  began a t  4O e l e v a t i o n  a n g l e  and went down t o  2.4O. 
( a t  6 seconds  p e r  sample)  were r e c e i v e d  and were a c c e p t a b l e .  

The las t  d a t a  was a t  a range of 5,W9 km 
F i f t e e n  time poin 

The American Mariner  d a t a  a s  r e c e i v e d  a t  t h e  Cape begad a t  
a r ange  o f  798 km and a n  e l e v a t i o n  a n g l e  of 1 7  d e g r e e s ,  
s t e a d i l y  dec reased  t o  t h e  l a s t  p o i n t  a t  5O and 1690 km o f  r ange ,  
33 d a t a  ( a t  3 seconds  p e r  sample)  were r e j e c t e d  as unaccep tab le ,  

The e l e v a t i o n  a n g l e  
Eleven of t h e  

An o r b i t  was f i t t e d  t o  a l l  data of each  of t h e  d a t a  sources 
above and t h e  r e s u l t i n g  d a t a  root-mean-square f i t  (obse rved  minus b e s t  f i t ,  no  
mean o r  s y s t e m a t i c  errors s u b t r a c t e d )  a r e  g iven  i n  Table  I ,  P r e d i c t e d  azimuth 
and e l e v a t i o n  a n g l e s  a t  20 hour s  56 minutes  11 seconds  based  on each o rb i t  were 
used  for comparison,  R e s u l t s  are shown on Table  11. 

Table I ,  Ddta, KMS F i t  

Table  11, R e s u l t i n g  P r e d i c t e d  Data from Table  111 O r b i t s  
( a t  20 h r s  56 min 11 sec)  

Both Ascension and American Mariner  d a t a  would have 
g iven  a c c e p t a b l e  p r e d i c t i o n  a c c u r a c y e  

3 
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The Ascension d a t a  had range  a m b i g u i t i e s  of '  1,152,570 y a r d s  due t o  t h e  
142 pulse-per-second p u l s e  r e p e t i t i o n  ra te ,  The ambigui ty  was r e s o l v e  
r e f e r r i n g  t o  t h e  JPL o r b i t  t o  g e t  an estimate of t h e  r ange ;  it was res 
4 p u l s e s  or 4,222,435 km added to t h e  r e p o r t e d  range.  
o c c u r r e d  a f t e r  t h e  Agena re t romaneuver ;  no a t t e m p t  was made t o  remove t h e  ef 
of t h i s  impulse  t o  improve comparison wi th  t h e  J P L  o r b i t ,  
JPL-DSIF, Ascension,  and American Y a r i n e r  d a t a  are shown i n  Table 111. 

Note t h a t  t h i s  

The o r b i t s  based 

4 



EPD-72 

n .!= 
U 

w 8. 
%I 
0 
X 
0 
C 
2 
0' w 
I 
L 
0 
2-1 
5 
7 
0- w 
a, 
1 
L 

€- 

ffl 
W 
-4 
A 
&I 

O 

.rl 

v 

n 
H 
W 

a, 
4 
A 

2 

v) 
a, 
0- 
L +  
O L U  

2 

x 
W 
-4 u 
. T I  
L -  
W a ,  
c -  
a, u 
U w 

- 
v) 
4 
f 
E 
0 
m 
& 
0 
N 

m 
t- 
o) 

m 
t- 
4 

0 ro 
.I 

r. 
f 
hr 

N 
03 
m 
m 
m 
4 
0 

l-4 

0 
W 
t- 

03 
a, 
f 

I 

r 

N 
o( 
o) 

m 
I'- 
d 

r- 
f 
0 

(D 
W 
ri 

r. 
m 
m 
r. 
f 
CJ 

0 
0 
0 
Ln 
CI 
0 
0 

4 

0 m 
r- 
m c- 
oo 
I 

a 

n 
0 
L cc, oe, 

-4 x 

SFOM RANGER III 

5 



EPD-72 SFOM R A ~ G ~ R  I11 

C. P o s t i n i e c t i o n  

1. Genera l  

DSIF p a r t i c i p a t i o n  i n  t h e  Ranger 3 o p e r a t i o n  had begun by Janua ry  
A t  t h a t  time t h e  checkout  and  p r e p a r a t i o n  of t h e  v a r i o u s  s t a t ion  sub-  10 ,  1962, 

sys t ems  was i n  p r o g r e s s ,  
s i g n a l s  was r e n t e d  and was l o c a t e d  a t  t h e  Golds tone  Tracking  S t a t i o n .  O p e r a t i o n a l  
r e a d i n e s s  tests i n v o l v i n g  t h e  whole DSIF were conducted on Janua ry  16, 19,  and 23. 
On Janua ry  24 t h e  DSIF was " in  t h e  green"  for t h e  Ranger 3 l aunch ,  

A t ra i le r  c o n t a i n i n g  equipment for  r e c o r d i n g  v i d e o  

The DSIF was in t ended  t o  p rov ide  s e v e r a l  s p a c e c r a f t  communication 
c a p a b i l i t i e s  d u r i n g  t h e  Ranger I11 miss ion ,  A l l  DSIF s t a t i o n s  (DSIF 1, Mobile 
Tracking  S t a t i o n ;  DSIF 2,  Goldstone P ioneer  S t a t i o n ;  DSIF 3 ,  Golds tone  Echo 
S t a t i o n ;  DSIF 4, Woomera Track ing  S t a t i o n ;  DSIF 5 ,  Johannesburg  Track ing  S t a t i o n )  
had t h e  c a p a b i l i t y  of r e c o r d i n g  t e l e m e t e r e d  i n f o r m a t i o n  from t h e  s p a c e c r a f t  on 
magnet ic  t a p e ,  DSIF S t a t i o n s  3 and 5 a lso had equipment for encod ing  selected 
t e l e m e t r y  measurements i n t o  a t e l e t y p e  format  for t r a n s m i s s i o n  back t o  JPL for 
n e a r - r e a l  time a n a l y s i s ,  
t i m e - l a b e l l e d  p o i n t i n g  a n g l e s  and d o p p l e r  f requency .  
1 and 3 would allow more a c c u r a t e  t r a c k i n g  d a t a  t o  be o b t a i n e d  when t h e s e  s t a t i o n s  
were a b l e  t o  i n t e r r o g a t e  t h e  s p a c e c r a f t  t r ansponder .  
cou ld  a lso allow d e s i r e d  s p a c e c r a f t  a c t i o n s  t o  be commanded from t h e  ground. 
r e c e i v e r  a t  DSIF 2 was equipped wi th  a Maser a m p l i f i e r  and a Casseg ra in  reflection 
sys tem,  
sys tem i n  t h e  DSIF and was i n t e n d e d  for  u s e  d u r i n g  t h e  c a p s u l e  re t romaneuver .  

A l l  s t a t i o n s  could  p rov ide  t r a c k i n g  d a t a  c o n s i s t i n g  of 
T r a n s m i t t e r s  a t  DSIF S t a t i o n s  

The t r a n s m i t t e r  a t  DSIF 3 
The 

This  equipment provided  t h i s  s t a t i o n  wi th  t h e  most s e n s i t i v e  l i s t e n i n g  

2. Launch Phase 

Launch of t h e  s p a c e c r a f t  occu r red  a t  2030 on Janua ry  26, and t h e  

The s p a c e c r a f t  was i n i t i a l l y  a c q u i r e d  by DSIF 1 a t  2055 and by DSIF 
A t  t h e s e  times t h e  s p a c e c r a f t  was r a d i a t i n g  through t h e  omniantenna 

DSIF expe r i enced  no d i f f i c u l t y  i n  a c q u i r i n g  and t r a c k i n g  t h e  s p a c e c r a f t  (see 
Table IV). 
5 a t  2056. 
and  t h e  r e c e i v e d  s i g n a l  s t r e n g t h s  a t  DSIF S t a t i o n s  1 and 5 were approx ima te ly  
-114 dbm and -104 dbm, r e s p e c t i v e l y ,  A s  t h e  s p a c e c r a f t  c o n t i n u e d  away from Ear th  
t h e  r e c e i v e d  s i g n a l  s t r e n g t h s  g r a d u a l l y  dec reased .  A t  215000 t h e  s i g n a l  s t r e n g t h  
a t  DSIF 1 had d e c r e a s e d  t o  -143 dbm and a t  t h i s  s t a t i o n  t e l e m e t r y  d a t a  could no  
l o n g e r  be r ecove red  from t h e  s i g n a l ,  S h o r t l y  b e f o r e  t h i s ,  a t  approx ima te ly  2127, 
DSIF 4 a c q u i r e d  and c o n t i n u e d  t r a c k i n g  u n t i l  014230 on Janua ry  27 when t h e  space -  
c ra f t  "set" below t h e  s t a t i o n  ho r i zon .  During t h i s  p e r i o d  t h e  s p a c e c r a f t  s i g n a l  
l e v e l s  were -146 dbm, -126 dbm, and -131 dbm a t  DSIF S t a t i o n s  1, 4, and 5 re- 
s p e c t i v e l y .  

After t h e  i n i t i a l  a c q u i s i t i o n ,  DSIF S t a t i o n s  1 and 5 con t inued  
t r a c k i n g  u n t i l  app rox ima te ly  1000 on Janua ry  27, or  abou t  1 1 /2  h o u r s  af ter  
a c q u i s i t i o n  a t  t h e  Golds tone  S t a t i o n s ,  DSIF 2 and DSIF 3 ,  
d u r i n g  t h e i r  t r a c k i n g  p e r i o d s ,  o b t a i n e d  t r a c k i n g  data and  t e l e m e t r y  d a t a .  These 
d a t a  were used i n  d e t e r m i n i n g  t h e  s p a c e c r a f t  o r b i t  and e v a l u a t i n g  t h e  s p a c e c r a f t  
performance. 

DSIF S t a t i o n s  1 and 5, 

Approximately one-ha l f  hour  a f t e r  t h e  s p a c e c r a f t  rose above t h e  
Golds tone  h o r i z o n ,  whi le ,DSIF S t a t i o n s  1 and 5 were s t i l l  t r a c k i n g ,  a command 
was t r a n s m i t t e d  t o  t h e  S p a c e c r a f t ,  Th i s  command t r a n s m i s s i o n  was s u c c e s s f u l  and 
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Table I V ,  DSIF V i e w  P e r i o d s  

DSIF - 
1 

5 

4 

3 

4 

5 

1 

3 

4 

5 

3 

4 

5 

3 

4 

5 

2 

3 

4 

5 

4 

5 

2 

ACQUISITION 
(GMT) 

26/205523 

26/205639 

26/212700 

27/083903 

27/145320 

27/221642 

28/042349 

28/083903 

28/150100 

28/223044 

29/083910 

29/150300 

29/223836 

30/083300 

30/150000 

30/223148 

31/103540 

31/155700 

31/145700 

31/234522 

01/145600 2 ,  

01/223000 ’) 

02/111000 2 ,  

LOST 
(GMT) - 

27/095800 

27/095624 

27 /O 142 30 

27/183655 

28/025030 

28/102247 

28/104012 

28/175400 

29/025800 

29/101400 

29/ 1903 5 5 

30/025800 

30/101650 

30/190700 

31/025700 

31/101300 

31/185324 

31/185324 

31/230500 

01/093200 1 )  

02/100000 2 ,  

02/120000 2 ,  

01/230000 2 ,  

L )  

2 )  A c q u i s i t i o n  a t t e m p t s  g e n e r a l l y  unsuccessfu l .  

S e a r c h i n g  fo r  s p a c e c r a f t  signal, very l i t t l e  data o b t a i n e d ,  
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caused  t h e  s p a c e c r a f t  t o  s w i t c h  t h e  t r a n s p o n d e r  s i g n a l  from t h e  omniantenna to  
t h e  h igh-ga in  antenna. 
28 db i n  t h e  r e c e i v e d  s i g n a l  s t r e n g t h .  
sufficient t o  allow t h e  Mobile T rack ing  S t a t i o n  once a g a i n  t o  r e c o r d  t e l e m e t r y  
information, 

T h i s  swi t chove r  caused an immediate increase of a b o u t  
Th i s  increase i n  s f g n a l  s t r e n g t h  was 

By t h e  time t h e  s p a c e c r a f t  was a c q u i r e d  a t  t h e  Golds tone  S t a t i o n s  
it was a p p a r e n t  t h e  o r b i t  was nons tandard .  
and would n o t  p a s s  close t o  t h e  Moon d u r i n g  a Golds tone  v i s i b i l i t y  pe r iod .  T h i s  
l a t te r  o c c u r r e n c e  would p r e c l u d e  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  TV p i c t u r e s  of t h e  
l u n a r  s u r f a c e .  

The s p a c e c r a f t  would n o t  h i t  t h e  Moon 

1 

3.  Midcourse t o  Terminal  Maneuver Phase 

S i n c e  t h e  c o r r e c t i v e  maneuver r e q u i r e d  t o  o b t a i n  a l u n a r  impact  
was beyond t h e  c a p a b i l i t y  of t h e  maneuver sys tem,  a f ly -by  maneuver was chosen 
as  t h e  a l t e r n a t i v e  and t h e  n e c e s s a r y  commands were g e n e r a t e d  by t h e  Space F l i g h t  
Opera t ions  Center .  These commands would e n s u r e  t h a t  t h e  s p a c e c r a f t  passed  i n  t h e  
v i c i n i t y  of t h e  Moon d u r i n g  a Golds tone  S t a t i o n  v i s i b i l i t y  pe r iod .  

After t h e  s p a c e c r a f t  signal was swi t ched  t o  t h e  h igh-ga in  an tenna ,  
p r e p a r a t i o n  of t h e  s p a c e c r a f t  fo r  t h e  midcourse maneuver began. The t h r e e  s t o r e d  
commands d e f i n i n g  t h e  midcourse maneuver were t r a n s m i t t e d  a t  one-minute i n t e r v a l s .  
The f i r s t  command was t r a n s m i t t e d  a t  0923 and  t h e  l a s t  command was t r a n s m i t t e d  a t  
0925. 
Prior t o  t h e  t r a n s m i s s i o n  of t h e  midcourse maneuver i n i t i a t e  command, one f i n a l  
p r e p a r a t o r y  command t r a n s m i s s i o n  was s e n t .  
t r a n s m i t t e d  a t  0955 and caused t h e  o u t p u t  of t h e  t r a n s p o n d e r  t o  be  swi tched  from 
t h e  h igh-ga in  ( d i r e c t i o n a l )  an tenna  t o  t h e  omniantenna, This  s w i t c h o v e r  dropped 
t h e  r e c e i v e d  s i g n a l  s t r e n g t h  from -110 t o  -145 dbm but  enab led  communication t o  
be main ta ined  wi th  t h e  s p a c e c r a f t  wh i l e  it was enpaged i n  t h e  a t t i t u d e  changes  
r e q u i r e d  for t h e  midcourse maneuver. 

S u c c e s s f u l  r e c e p t i o n  of t h e s e  commands was i n d i c a t e d  by s p a c e c r a f t  t e l e m e t r y .  

The an tenna  s w i t c h o v e r  command was 

The midcourse maneuver i n i t i a t e  command was t r a n s m i t t e d  from t h e  
Goldstone Echo S t a t i o n  a t  1000 GMT on Janua ry  27. 
d e t e c t e d  immedia te ly  by a change i n  t h e  t y p e  of t e l e m e t r y  b e i n g  t r a n s m i t t e d .  
(Dur ing  t h e  midcourse maneuver, some of t h e  impor t an t  t e l e m e t e r e d  d a t a  was 
d i f f e r e n t  from t h a t  t e l e m e t e r e d  d u r i n g  t h e  c r u i s e  p o r t i o n  o f  t h e  f l i g h t . )  
Golds tone  S t a t i o n s  con t inued  t r a c k i n g  t h e  s p a c e c r a f t  d u r i n g  t h e  maneuver u n t i l ,  
a t  1015 GMT, t h e  Echo S t a t i o n  r e c e i v e r  l o s t  t h e  s i g n a l .  
l a t e r ,  t h e  P ionee r  S t a t i o n  a lso los t  lock .  Both s t a t i o n s  had r e a c q u i r e d  t h e  
s i g n a l  by 1020 GMT, but  t h e  s i g n a l  s t r e n g t h s  were so low (-153 dbm a t  t h e  Echo 
S t a t i o n  and -160 dbm a t  t h e  Pioneer S t a t i o n )  t h a t  no  t e l e m e t r y  d a t a  cou ld  be 
recovered .  
t e l e m e t r y  d a t a  was a g a i n  b e i n g  r eco rded .  
t h e  maneuver sequence ,  t h e  t e l e m e t r y  transmission mode had c y c l e d  t o  t h e  cruise 
mode. 

Response of t h e  s p a c e c r a f t  was 

The 

Two and one-ha l f  minutes  

A t  1030 GMT t h e  s i g n a l  s t r e n g t h  began i n c r e a s i n g  and by 1040 GMT a l l  
However, by t h i s  t i m e ,  a s  scheduled  i n  

Afier r e a c q u i s i t i o n ,  t h e  Golds tone  S t a t i o n s  con t inued  t r a c k i n g  wi th  
t h e  r e c e i v e d  s i g n a l  l e v e l  of -145 dbm. A t  1137, a f t e r  a l l o w i n g  t h e  s p a c e c r a f t  t o  
r e a c q u i r e  t h e  Sun and E a r t h  ( t o  e n s u r e  p r o p e r  p o i n t i n g  of t h e  h igh-ga in  a n t e n n a ) ,  
an an tenna  s w i t c h o v e r  command was t r a n s m i t t e d  t o  t h e  s p a c e c r a f t .  Th i s  r a i s e d  t h e  
s i g n a l  l e v e l  t o  -112 dbm. S h o r t l y  a f t e r  t h e  t r a n s m i s s i o n  of t h i s  command, t h e  
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P i o n e e r  S t a t i o n  conducted a s e a r c h  for t h e  seismometer c a p s u l e  signal. A si 
a t  t h e  c a p s u l e  f r equency  (960.15 mc/s) was d e t e c t e d  and  t h e  receiver "locked 
on a r e c e i v e d  s ignal  of -150 dbm. 
t r a n s m i s s i o n  u n t i l  1311, when t r a c k i n g  of t h e  t r a n s p o n d e r  s i g n a l  was resumed. 

The P ionee r  S t a t i o n  l i s t e n e d  t o  t h e  c a p s u l e  

The DSIF c o n t i n u e d  its t r a c k i n g  and t e l e m e t r y  r e c o r d i n g  program. 
The Woomera S t a t i o n  and t h e n  t h e  Johannesburg S ta t ion  e a c h  s u c c e s s i v e l y  a c q u i r e d  
and t r a c k e d  t h e  s p a c e c r a f t  s ignal u n t i l  it "set" below t h e i r  r e s p e c t i v e  h o r i z o n s ,  

Soon a f t e r  t h e  Johannesburg  S t a t i o n  a c q u i r e d  t h e  s p a c e c r a f t ,  t h e  
Mobile Tracking  S t a t i o n  was a l so  r e q u e s t e d  t o  track t h e  s p a c e c r a f t .  The Mobile 
Track ing  S t a t i o n  is normal ly  n o t  r e q u i r e d  t o  track a f t e r  i ts  i n i t i a l  view p e r i o d ;  
however, because  a d i s c r e p a n c y  was d i s c o v e r e d  i n  t h e  pos tmidcourse  d o p p l e r  d a t a  
from t h e  Golds tone  Echo S t a t i o n ,  it was n e c e s s a r y  t o  r e a c t i v a t e  t h e  MTS. Aside 
from t h e  Golds tone  Echo S t a t i o n ,  t h e  Mobile Trackinp  S t a t i o n  was t h e  o n l y  s t a t i o n  
which had a t r a n s m i t t e r  and ,  t h e r e f o r e ,  was t h e  o n l y  o t h e r  s t a t i o n  c a p a b l e  of 
p r o v i d i n g  d o p p l e r  da ta  of s u f f i c i e n t  a c c u r a c y  t o  allow an a c c u r a t e  postmaneuver 
o r b i t  t o  be de termined ,  

4 ,  Terminal  Maneuver Phase 

The time of t r a n s m i s s i o n  of t h e  t e r m i n a l  maneuver command c o u l d  
n o t  be de te rmined  u n t i l  dn accurate postmaneuver o rb i t  c o u l d  be computed. The 
Mobile Tracking  S t a t i o n  f i rs t  a c q u i r e d  t h e  s p a c e c r a f t  s i g n a l  a t  042349 GMT, t h e  
s p a c e c r a f t  t r a n s p o n d e r  a c q u i r e d  t h e  MTS t r a n s m i t t e r ,  and t h e  t r a c k i n g  sys tem was 
"locked up" i n  t h e  two-way mode. The r e c e i v e d  s i g n a l  s t r e n c t h  h e l d  f a i r l y  s t e a d y  
a t  approx ima te ly  -131 dbm, A t  084500 GMT, t r a c k i n p  was i n t e r r u p t e d  t o  allow t h e  
s p a c e c r a f t  t r a n s p o n d e r  t o  a c q u i r e  t h e  Golds tone  t r a n s m i t t e r ,  A t  084909 GMT, a f t e r  
t h e  Goldstone t r a c k i n p  sys tem was " locked up" i n  a two-way d o p p l e r  c o n d i t i o n ,  t h e  
Mobile Tracking  S t a t i o n  resumed t r a c k i n p ,  The t r a n s m i t t e r  was s h u t  down, however, 
s i n c e  t h e  s p a c e c r a f t  was now locked  on t h e  Golds tone  t r a n s m i t t e r  s i g n a l .  
104012 GMT, t h e  s p a c e c r a f t  "set" below t h e  Mobile Tracking  S t a t i o n  h o r i z o n  and 
t r a c k i n g  was t e r m i n a t e d ,  
S t a t i o n  a t  084703 GMT, b o t h  Goldstone S t a t i o n s  t r a c k e d  u n t i l  l o c k  was los t  d u r i n g  
t h e  s p a c e c r a f t  t e r m i n a l  maneuverc 

A t  

A f t e r  s u c c e s s f u l  two-way a c q u i s i t i o n  by t h e  Echo 

P r e p a r a t i o n  f o r  t h e  t e r m i n a l  maneuver began w i t h  'the t r a n s + m i s s i o n  
of t h r e e  . r e q u i r e d  s t o r e d  commands a t  approx ima te ly  one-minute i n t e r v a l s ,  a t  
162941 GMT, 163042 GMT, and 163146 GMT, The t e r m i n a l  maneuver i n i t i a t e  command 
was t r a n s m i t t e d  from t h e  Echo S t a t i o n  a t  172139 GMT. The s p a c e c r a f t  began t h e  
terminal maneuver, and r e c e i v e d  signal s t r e n g t h s  h e l d  s t e a d y  a t  -118 dbm a t  t h e  
Echo S t a t i o n  and -111 dbm a t  t h e  P i o n e e r  S t a t i o n .  However, a t  172821 GMT, t h e  
s i g n a l  s t r e n g t h  began decreasing and ,  by 173204 GMT, b o t h  s t a t i o n s  had lost  lock .  
Reacquisition a t t e m p t s  were n o t  immedia te ly  s u c c e s s f u l  b u t ,  by 173918 GMT, b o t h  
s t a t i o n s  had r e a c q u i r e d  t h e  signal. 
deteriorated and were f l u c t u a t i n g  a t  b o t h  s t a t i o n s  (-145 t o  -149 dbm a t  t h e  
P i o n e e r  S t a t i o n ,  and -149 t o  -153 dbm a t  t h e  Echo S t a t i o n ) .  

The s i g n a l  s t r e n g t h s ,  however, had 

T h i s  d e c r e a s e  i n  s i g n a l  s t r e n g t h  meant t h a t  t h e  r e c e i v i n g  of TV 
p i c t u r e s  of t h e  l u n a r  s u r f a c e  was i m p o s s i b l e ,  
from t h e  s p a c e c r a f t  
Table  V) b u t  none ad t h e  effect  of r a i s i n g  t h e  s i m a l  s t r e n g t h ,  T h e r e f o r e ,  a t  

I n  an a t t e m p t  to improve t h e  s i q a l  
s e v e r a l  commands were s e n t  from t h e  Echo S t a t i o n  (see 

t h e  s p a c e c r a f t  t e l e m e t r y  mode was commanded t o  t h e  c r u i s e  mode and 
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a t t e m p t s  t o  r e t r i e v e  any  t e l e v i s i o n  p i c t u r e s  were t e r m i n a t e d  a t  a l l  s t a t i o n s ,  
(The Woomera S t a t i o n  had been t r a c k i n g  t h e  s p a c e c r a f t  s i n c e  150100 GMT.) 
t h e  s p a c e c r a f t  passed  below t h e  Golds tone  ho r i zon  a t  185200 GMT, a r o l l  over-  
r i d e  command was s e n t  t o  t h e  s p a c e c r a f t .  
d i s o r i e n t e d  t h e  s p a c e c r a f t  from its t e r m i n a l  maneuver a t t i t u d e ,  and i n c r e a s e d  
t h e  s i g n a l  s t r e n g t h  s l i g h t l y  a t  Woomera. 

Before 

T h i s  command was s e n t  a t  183750 GMT, 

5. Post-Terminal  Maneuver Phase 

After t h e  u n s u c c e s s f u l  t e r m i n a l  maneuver, t h e  DSfF con t inued  
t r a c k i n g  t h e  s p a c e c r a f t ,  However, problems soon became a p p a r e n t  i n  t h e  r e c e i v e d  
s i g n a l ,  
t h e  Woomera and Johannesburg  S t a t i o n s  were t r a c k i n g ,  t h e  t r a n s p o n d e r  s i g n a l  d i s -  
appeared.  Momentary s i g n a l s  were heard  by t h e  Woomera S t a t i o n  u n t i l  232800 GMT. 
After d i s a p p e a r a n c e  of t h e  s i g n a l ,  t h e  s t a t i o n s  a l t e r n a t e d  p e r i o d s  of c a p s u l e  
t r a c k i n g  wi th  p e r i o d s  of s e a r c h i n g  f o r  t h e  t r a n s p o n d e r  s i g n a l ,  
signal was n o t  a c q u i r e d  a g a i n  u n t i l  053418 GMT, a f t e r  t h e  s p a c e c r a f t  had "set" 
below t h e  Woomera hor i zon ,  

During t h e  p e r i o d  f o l l o w i n g  t h e  t e r m i n a l  maneuver a t  230100 GMT, w h i l e  

The t r a n s p o n d e r  

Table  V, Sequence of Commands Transmi t ted  t o  Improve t h e  
Received S i g n a l  S t r e n g t h  During Terminal  Maneuver 

180517 

181105 

181343 

181700 

182300 

Switch t r a n s p o n d e r  s i g n a l  t o  omniantenna. 

Switch t r a n s p o n d e r  s i g n a l  t o  high-gain an tenna .  

Change h inge  a n g l e  of high-gain an tenna .  

Switch t r a n s p o n d e r  s i g n a l  t o  omniantenna. 

Switch t r a n s p o n d e r  s i g n a l  t o  high-gain an tenna .  

After r e a c q u i s i t i o n ,  t h e  t r a n s p o n d e r  s i g n a l  had developed  a p e r i -  
Every 1 3  seconds  t h e  s p a c e c r a f t  s i g n a l  would d i s a p p e a r .  o d i c  dropout  c o n d i t i o n .  

This c o n d i t i o n  d i d  n o t  e x i s t  when t h e  s p a c e c r a f t  was b e i n g  t r a c k e d  i n  t h e  two- 
way mode, 

S e v e r a l  a d d i t i o n a l  a t t e m p t s  were made t o  command t h e  s p a c e c r a f t  
from Goldstone.  
command addresses, t o  i n i t i a t e  a maneuver by t r a n s m i t t i n g  t h r e e  s t o r e d  commands 
and an  i n i t i a t e  command, No r e s p o n s e  was observed ,  
c o n f i g u r a t i o n  of t h e  Golds tone  S t a t i o n  was modi f ied  t o  allow t h e  t r a n s m i t t e d  
power t o  be  i n c r e a s e d  from 200 watts t o  7 kw. 
r e p l a c i n g  of t h e  t r a c k i n g  f e e d  w i t h  t h e  t r a n s m i t t i n g  f e e d ,  S i n c e  a u t o  t r a c k i n g  
was no l o n g e r  p o s s i b l e  wi thou t  t h e  t r a c k i n g  f e e d ,  bo th  a n t e n n a s  were p o s i t i o n e d  

On Janua ry  29, an a t t e m p t  was made, u s i n g  t h e  midcourse maneuver 

Qn t h e  f o l l o w i n g  day ,  t h e  

Th i s  m o d i f i c a t i o n  r e q u i r e d  t h e  

10 
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u s i n g  t h e  c o o r d i n a t e  c o n v e r t e r  computer.  I n t e n s i v e  a t t e m p t s  were made t o  co 
t h e  s p a c e c r a f t  and cu lmina ted  i n  t h e  t r a n s m i s s i o n  of 211 commands ( a l t e r n a t e  
o v e r r i d e  and  t e l e m e t r y  mode change commands). 
no  s p a c e c r a f t  a c t i o n ,  
o v e r  commands were t r a n s m i t t e d .  
commands b u t  no  r e sponse  was o b t a i n e d  from t h e  s p a c e c r a f t .  
t h e  t r a c k i n g  p e r i o d  on Janua ry  31, t h e  Echo S t a t i o n  ceased  p a r t i c i p a t i o n  i n  t h e  
Ranger I11 o p e r a t i o n ,  

These command a t t e m p t s  produced 

The modula t ion  f r equency  was v a r i e d  for  t h e s e  
On t h e  f o l l o w i n g  day ,  J anua ry  31, twenty  an tenna  swi t ch -  

A t  t h e  c o n c l u s i o n  of 

I n  t h e  i n t e r i m  between t r a c k i n g  p e r i o d s  a t  t h e  Golds tone  s t a t i o n s ,  
t h e  Woomera and Johannesburg  S t a t i o n s  con t inued  t r a c k i n g ,  
approx ima te ly  -130 t o  -140 dbm. 
s t o n e  Echo S t a t i o n ,  t h e  c o n d i t i o n  of t h e  s p a c e c r a f t  s i g n a l  was d e t e r i o r a t i n g ,  
The ave rage  l e v e l  was -140 dbm bu t  t h e r e  was.a c o n t i n u a l  v a r i a t i o n  of t 2 0  dbm 
abou t  t h i s  ave rage .  
time t h e  Woomera S t a t i o n  a c q u i r e d  on February  1, o n l y  momentary "locks" of one- 
minute  d u r a t i o n  were p o s s i b l e .  
s e a r c h i n g ,  fo r  ha l f -hour  p e r i o d s ,  for  e i t h e r  t h e  seismometer c a p s u l e  s i g n a l  or 
t h e  t r a n s p o n d e r  s i g n a l ,  
The Johannesburg and Golds tone  P ionee r  S t a t i o n s  were t h e n  i n s t r u c t e d  t o  s e c u r e  
from t h e  o p e r a t i o n ,  
s i t i o n  a t  weekly i n t e r v a l s  and,  t o  t h i s  d a t e ,  has  had o n l y  minimal success .  

S i g n a l  s t r e n g t h s  were 
During t h e  f i n a l  t r a c k i n g  p e r i o d  a t  t h e  Gold- 

The s p a c e c r a f t  s i g n a l  con t inued  t o  d e t e r i o r a t e  and by t h e  

A t  t h i s  time t h e  s t a t i o n s  began a l t e r n a t e l y  

A t  t h i s  time o n l y  momentary l o c k s  were b e i n g  ob ta ined .  

The Woomera S t a t i o n  was t o  c o n t i n u e  a t t e m p t i n g  s i g n a l  a c q u i -  

I V .  TELEMETRY RECOVERY 

A. Gene ra l  

The r ecove ry  of s p a c e c r a f t  t e l e m e t r y  d u r i n g  t h e  RA-3 f l i g h t  was 
g e n e r a l l y  v e r y  s u c c e s s f u l .  
s e r i o u s l y  degraded  by nons tanda rd  s p a c e c r a f t  performance,  t h e  t e l e m e t r y  recorded 
by t h e  DSIF provided  comple te  cove rage  of t h e  mis s ion  for p o s t f l i g h t  a n a l y s i s .  

Except fo r  p e r i o d s  when t h e  s p a c e c r a f t  s i g n a l  was 

B. 

Near-real time e n g i n e e r i n g  t e l e m e t r y  from DSIF 3 and 5 proved adequa te  
d u r i n g  c r u i s e  modes, e s p e c i a l l y  i n  m o n i t o r i n g  t h e  a c q u i s i t i o n s .  
s i g n a l  d u r i n g  t h e  midcourse and t e r m i n a l  maneuvers p rec luded  a d e q u a t e  e v a l u a t i o n  
of s p a c e c r a f t  performance from rea l  time d a t a  a t  t h o s e  times. Lack of decom- 
mutator s y n c h r o n i z a t i o n  fo r  slow ra te  measurements was a common problem when- 
e v e r  t h e  s p a c e c r a f t  s i g n a l  was n o i s y ,  b u t  t h i s  problem was a n t i c i p a t e d .  The 
performance of t h e  t e l e t y p e  e n c o d e r s  was q u i t e  s a t i s f a c t o r y ,  p a r t i c u l a r l y  a t  
Goldstone. 
b u t  t h e  volume of good data  compensated, i n  r e a s o n a b l e  measure,  for t h e  s h o r t -  
comings. 
SFOP, was q u i t e  s a t i s f a c t o r y .  

However, loss of 

A d e f e c t i v e  puncher  a t  DSIF 5 r e s u l t e d  i n  a number of bad d a t a  samples ,  

Repor t ing  of t e l e m e t e r e d  e v e n t  d a t a  by t h e  DSIF, i n  acco rdance  wi th  t h e  

C. S c i e n t i f i c  

1. 

S e l e c t e d  p o r t i o n s  of t h e  gamma r a y  spectrometer d a t a  c o v e r i n g  t h e  

11 
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processed  as  an  analog, r eadou t  and decoded, 
s p e c t r o m e t e r  o p e r a t e d  normal ly  wi th  t h e  excep t ion  of its level o 
is somewhat h i g h e r  t h a n  d e s i r e d .  
marked r e d u c t i o n  i n  t h e  c o u n t i n g  ra te ,  Th i s  r e d u c t i o n  g i v e s  a rn 
primary and secondary  gamma r a y s  be ing  counted which are p 
craft  as d i f f e r e n t i a t e d  from gamma r a y s  having  solar and  e 

They show t h a t  t h e  gamma r 

The e x t e n s i o n  of t h e  boom was 

ced  i n  t h e  space- 

The gamma r a y  d a t a  so o b t a i n e d  w i l l  make it p o s s i b l e  t o  d 
f u r t h e r  i n s t r u m e n t a t i o n  which w i l l  b e t t e r  d i s t i n g u i s h  t h e  
r a y s  from t h e  background r a d i a t i o n  c o n s i s t i n g  of solar and 
and gammas produced i n  t h e  s p a c e c r a f t .  b 

It  is impor t an t  t o  note t h a t  t h i s  was t h e  first gamma ray e x p e r i -  
ment package t h a t  h a s  been flown beyond t h e  r a d i a t i o n  b e l t  and h a s  been a b l e  t o  
d i s t i n g u i s h  between gamma r a y s  and charged  p a r t i c l e s .  

2. Vidicon Experiment 

Vidicon p i c t u r e s  have been p r i n t e d  from d a t a  coming d i r e c t l y  from 
t h e  Goldstone t e l e m e t r y  t a p e s .  These p i c t u r e s  show t h a t  t h e  t e l e m e t r y  was com- 
mutated and decommutated from t h e  v i d i c o n  c o r r e c t l y ,  t h a t  bo th  s h u t t e r  and 
e r a s u r e  c y c l e s  were o p e r a t i n g  p r o p e r l y ,  and t h a t  t h e r e  were no h o r i z o n t a l  or 
v e r t i c a l  d r i f t s ,  A d d i t i o n a l l y ,  t h e s e  p i c t u r e s  show t h a t  some d e g r e e  of 
e l e c t r o n i c  f o c u s  was b e i n g  r e a l i z e d .  I n  f a c t ,  t h e  ve ry  impor t an t  s t a t e m e n t  
can be made t h a t  t h e  v i d i c o n  and a s s o c i a t e d  c i r c u i t r y  and t e l e m e t r y  back t o  
E a r t h  worked c o r r e c t l y  wi th  no d e t e c t a b l e  ma l func t ion .  

I t  is a l so  of impor tance  t o  n o t e  t h a t  t h e  f i d u c i a l  m a r k s  on t h e  
f r o n t  of t h e  face p l a t e  a re  c l e a r l y  shown. 
marks i n d i c a t e s  t h a t  l i g h t  was s t r i k i n g  t h e  v i d i c o n  face and t h a t  t h i s  l i g h t  was 
probably  p a r t i a l l y  c o l l i m a t e d  l i g h t  r a t h e r  t h a n  comple t e ly  d i f f u s e  l i g h t .  I t  is 
expec ted  t h a t  t h e  p r o c e s s i n g  of t h e s e  v i d i c o n  p i c t u r e s  by t h e  computer w i l l  y i e l d  
a d d i t i o n a l  u s e f u l  i n fo rma t ion .  

The appea rance  of t h e s e  f i d u c i a l  

3 ,  Radar Altimeter 

The alt imeter was t u r n e d  on a t  t h e  nominal  64 minu tes  a f t e r  s ta r t  
of t h e  t e r m i n a l  maneuver as  i n d i c a t e d  by Channel B-2-1 and R-2-2 b l i p s  and a 
change i n  t h e  modula t ion  on Channel V a n a l o g  d u r i n g  erase p e r i o d s .  
mat ion of its e x t e n s i o n  was r e c e i v e d ,  
conducted ,  

No c o n f i r -  
A spec t rum a n a l y s i s  of t h e  d a t a  is b e i n g  

4, Capsule  

The c a p s u l e  was n o t  s e p a r a t e d  from t h e  bus  because no  altimeter 
signal t r i g g e r e d  it, 
following loss of t h e  t r a n s p o n d e r  s i g n a l  due  t o  b a t t e r y  d e p l e t i o n  on t h e  p a s s  
of January  29-30, 

The c a p s u l e  transmitter was t r a c k e d  by DSIF 4 for a p e r i o d  

The r e c o r d s  f o r  t h i s  p e r i o d  have n o t  y e t  been ana lyzed .  

1 2  
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5, Temperature  C o n t r o l  

O f  t h e  s i x  t r a n s d u c e r s  d i r e c t l y  i n d i c a t i n g  structure t empera tu r  
two on t h e  Sun s e n s o r s  and one on t h e  +Y j e t  vane a c t u a t o r  r e a d  w i t h i n  
p r e d i c t e d  band, 
t e m p e r a t u r e  control r e a d  4 ,  16 ,  and 8 d e g r e e s ,  r e s p e c t i v e l y ,  above t h e  t o p s  
t h e i r  p r e d i c t e d  bands. 
t empera tu re ,  t h e  one on t h e  t r a n s p o n d e r  i n d i c a t e d  t h e  s t r u c t u r e  was 10° above 
band. Those on t h e  gyro ,  t h e  b o o s t e r  r e g u l a t o r ,  t h e  a t t i t u d e  control DC cony 
t h e  b a t t e r y  and power s w i t c h ,  and l o g i c  c i r c u i t r y  i n d i c a t e d  t h e  s t r u c t u r e  w 
w i t h i n  t h e  p r e d i c t e d  band. 

The t h r e e  on t h e  he l ium t a n k ,  t h e  n i t r o g e n  t a n k ,  and  t 

O f  t h e  s i x  t r a n s d u c e r s  i n d i r e c t l y  i n d i c a t i n g  s t r u c t u r e  

Thus f o u r  t r a n s d u c e r s  i n d i c a t e  t h e  s t r u c t u r e  s t a b i l i z e d  s l i g h t l y  
above its p r e d i c t e d  band and e i g h t  i n d i c a t e  it s t a b i l i z e d  w i t h i n  i t s  p r e d i c t e d  
band. As t h e  p r e d i c t e d  bands for a l l  measurements were s i g n i f i c a n t l y  nar rower  
t h a n  the l i m i t s  o f  t o l e r a n c e ,  a l l  t w e l v e  f e l l  well w i t h i n  a c c e p t a b l e  l i m i t s .  

S o l a r  p a n e l  t e m p e r a t u r e s  were observed  t o  s t a b i l i z e  a t  approx i -  
mate ly  l45O F, some 23O F above t h e  maximum p r e d i c t e d .  Th i s  effect  cou ld  r e s u l t  
from one o r  a l l  of t h e  f o l l o w i n g  t h r e e  c a u s e s :  

a )  S o l a r  cel ls  e x h i b i t  a h i g h e r  a b s o r p t a n c e  o f  s o l a r  energy  t h a n  
was thought  p o s s i b l e .  

b) S o l a r  c e l l s  e x h i b i t  a lower e m i t t a n c e  of  i n f r a r e d  energy  t h a n  
was thought  p o s s i b l e .  . 

c )  The black p a i n t  used on t h e  back s t r u c t u r e  of  t h e  p a n e l s  
e x h i b i t s  a lower e m i t t a n c e  t h a n  was though t  p o s s i b l e .  

I t  k i l l  p robably  n o t  be p o s s i b l e  t o  de te rmine  which of t h e s e  
effects  is a p p l i c a b l e  s i n c e  v e r y  a c c u r a t e  d a t a  is needed d u r i n p  t h e  s p a c e c r a f t  
p a s s  through t h e  E a r t h ’ s  shadow for any  such  c a l c u l a t i o n  t o  be meaningful .  

The gamma r a y  s p e c t r o m e t e r  t e m p e r a t u r e  i n d i c a t e d  a g r a d u a l  climb 
d u r i n g  t h e  e n t i r e  p o r t i o n  of t h e  f l i g h t  b e f o r e  midcourse maneuver, go ihg  s i g n i f i -  
c a n t l y  off  scale and o v e r  40 c y c l e s  above t h e  upper  l i m i t  of i ts c a l i b r a t i o n .  
Although e x t r a p o l a t i o n s  o f  t h i s  magni tude a re  open t o  s e r i o u s  q u e s t i o n ,  t h e  d a t a  
a r e  undergoing d e t a i l e d  a n a l y s i s ,  A s  p r e s e n t  it is n o t  p o s s i b l e  t o  e x p l a i n  t h i s  
phenomenon wi th  any  r e a s o n a b l e  set of pa rame te r s .  

6. Ex tens ions  and P y r o t e c h n i c s  

The f o l l o w i n g  e x t e n s i o n s  were noted  a t  t h e  correct times: 

a )  S o l a r  p a n e l s  

b )  Gamma r a y  boom 

c 1 Omniantenna 
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No v e r i f i c a t i o n  of t h e  r a d a r  al t imeter e x t e n s i o n  was o b t a i n e d  
a l t h o u g h  t h e  e v e n t  channe l  was i n  lock a t  t h e  time. 

A l l  s q u i b  f i r i n g  e v e n t  p u l s e s  were recove red  e p t  t h e  one for 
The o n l y  a b n o r m a l i t i e s  a s s o c i a t e d  w i t h  any of t h e s e  midcourse motor i g n i t i o n .  

were t h e  t r a n s m i t t e r  f a i l u r e g a t  t h e  t i m e  t h e  s o l a r  p a n e l s  were e>jended, and t h e  
lack of c o n f i r m a t i o n  of altimeter e x t e n s i o n .  There is no d a t a  t e l e m e t e r e d  which 
would g i v e  any i n d i c a t i o n  of what happened t o  t h e  altimeter, 

V, SPACECRAFT PERFORMANCE 

The s p a c e c r a f t  performance can be d i v i d e d  i n t o  t h r e e  d i s t i n c t  phases :  
l aunch ,  midcourse,  and t e r m i n a l .  The launch  phase was i n i t i a t e d  by s t a r t i n g  t h e  
launch  c o u n t e r  i n  t h e  s p a c e c r a f t  c e n t r a l  computer and sequence r  (CC&S) a t  two 
minutes  b e f o r e  l i f t o f f .  The midcourse and t e r m i n a l  phases  were i n i t i a t e d  by 
real  time ground commands a t  times s e l e c t e d  t o  op t imize  t h e  ensu ing  maneuver 
sequences  under  abnormal t r a j e c t o r y  c o n d i t i o n s .  
sequence  of e v e n t s  t o  be execu ted  on command from t h e  CCLS, The o n l y  v a r i a b l e s  
w i t h i n  t h e s e  sequences  were t h e  d u r a t i o n  of t h e  midcourse and t e r m i n a l  maneuver 
t u r n s ,  t h e  d i r e c t i o n  or p o l a r i t y  o f  each t u r n ,  and t h e  v e l o c i t y  increment  t o  be 
provided  by t h e  midcourse  motor. These v a r i a b l e s  were r e a d  i n t o  t h e  CC&S r e g i s t e r  
as  sets  of t h r e e  s t o r e d  commands from t h e  ground p r i o r  t o  i n i t i a t i n g  t h e  midcourse 
and t e r m i n a l  maneuvers. 

Each phase c o n s i s t e d  of a f i x e d  

The s p a c e c r a f t  t r a n s m i t t e r  was swi t ched  back and f o r t h  by ground command t o  
t r a n s m i t  o v e r  t h e  low-gain ( o m n i d i r e c t i o n a l )  an tenna  or  t h e  h igh-ga in  ( d i r e c t i o n a l )  
an tenna .  
s t o n e  a c q u i s i t i o n  and d u r i n g  t h e  midcourse maneuver. 
d u r i n g  t h e  v i d i c o n  p e r i o d  wi thou t  improving t h e  r e c e i v e d  s i g n a l .  

The s p a c e c r a f t  t r a n s m i t t e r  was on low-gain an tenna  u n t i l  first Gold- 
I t  was twice commanded o v e r  

Other  ground commands were a v a i l a b l e  t o  compensate for  nons tanda rd  performance.  
The first of t h e s e ,  h inge  o v e r r i d e ,  w a s  a t t e m p t e d  when t h e  s i g n a l  was lost  d u r i n g  
t h e  t e r m i n a l  maneuver. The s p a c e c r a f t  d a t a  encoder  was swi t ched  by ground command 
o u t  of s c i e n t i f i c  mode back t o  e n g i n e e r i n g  c r u i s e  mode a f te r  50 minu tes  of v i d i c o n  
d a t a .  Other  commands were a l so  t e s t e d .  

A. Launch Phase 

The f o l l o w i n g  f u n c t i o n s  were s u c c e s s f u l l y  performed d u r i n g  t h e  launch  
phase:  

1) Capsule  transmitter t u r n e d  on and s q u i b  f i r i n g  assembly  armed by 
i n e r t i a l  s w i t c h e s  d u r i n g  t h e  boost phase.  

2 )  T r a n s m i t t e r  power i n c r e a s e d  a f t e r  s e p a r a t i o n .  

3 )  S o l a r  p a n e l s  ex tended  accompanied by s h a r p  d e g r a d a t i o n  i n  low- 
g a i n  an tenna  d r i v e ,  
memorandum d a t e d  March 19 ,  1962 t o  A ,  E, Wolfe from Lloyd Derr. 

For f u r t h e r  d a t a ,  refer t o  i n t e r o f f i c e  

14 
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4) Sun a c q u i s i t i o n  ( p i t c h  and yaw s t a b i l i z a t i o n ,  s w i t c h  t o  solar 
p a n e l  power 1. 

5 )  

6) 

E a r t h  a c q u i s i t i o n  ( l o c k s  h igh-ga in  a n t e n n a  on E a r t h ) .  

Gamma r a y  s p e c t r o m e t e r  t u r n e d  on ( fo l lowed  by an  a b n o m l  
i n c r e a s e  i n  t e m p e r a t u r e  of t h e  i n s t r u m e n t ) ,  

E, Midcourse Phase 

Recovery of s p a c e c r a f t  t e l e m e t r y  d u r i n g  t h e  l a t t e r  p a r t  of t h e  mid- 
c o u r s e  maneuver p i t c h  t u r n ,  t h e  motor f i r i n g ,  and start  of Sun r e a c q u i s i t i o n  was 
s e r i o u s l y  h inde red  because  t h e  s p a c e c r a f t  was commanded t o  an  o r i e n t a t i o n  t h a t  
v i o l a t e d  t h e  omniantenna c o n s t r a i n t .  
d u r i n g  t h e  o p e r a t i o n  and was compl i ca t ed  by t h e  f o l l o w i n g  factors:  

Th i s  was a c a l c u l a t e d  r i s k  d e c i d e d  upon 

1) The s p a c e c r a f t  t u r n e d  i n  t h e  o p p o s i t e  d i r e c t i o n  from t h a t  p r e d i c t e d ,  
For  f u r t h e r  i n f o r m a t i o n  r e g a r d i n g  t h e  command p o l a r i t y  r e v e r s a l ,  
refer t o  1) i n t e r o f f i c e  memorandum from J. F, McGee t o  H. M. 
Schurmeier  d a t e d  February  5,  1962; 2 )  F a i l u r e  Report  for DSIF 
and Telecommunicat ions,  Reorder  No. 62-55; 3 )  RA-3 P r e l i m i n a r y  
F l i g h t  Performance Report  by A. E. Dickinson,  Reorder  No, 62-30. 

2 )  The t r a n s m i t t e d  s i g n a l  from t h e  low-gain an tenna  was abnormal ly  
low e 

3 )  The r e c e i v e r  a t  DSIF 2,  t h e  more s e n s i t i v e  of t h e  two Golds tone  
r e c e i v e r s ,  a p p a r e n t l y  had a m a l f u n c t i o n  d u r i n g  t h i s  pe r iod .  

However, s u f f i c i e n t  t e l e m e t r y  was r ecove red  t o  i n d i c a t e  t h a t  t h e  CC&S s u c c e s s f u l l y  
commanded t h e  f o l l o w i n g  f u n c t i o n s :  

1) Telemet ry  t o  midcourse mode. 

2 )  S t a r t  and s t o p  commanded r o l l  t u r n .  

a )  Switch i n  midcourse guidance  sys tem;  ex tend  h igh-ga in  a n t e n n a e  

3 )  S t a r t  and s t o p  commanded p i t c h  t u r n .  

4) I g n i t e  midcourse  motor and s h u t o f f  on commanded accelerometer 
s i g n a l  ( p o s s i b l y  accompanied by a t e m p e r a t u r e  b r i d g e  m a l f u n c t i o n ) .  

5 )  Switch  o u t  midcourse guidance  system. 

a )  Telemet ry  t o  c r u i s e  mode, 

b )  Sun r e a c q u i s i t i o n ,  

6 )  E a r t h  r e a c q u i s i t i o n .  

7) Gamma r a y  boom e x t e n s i o n ,  

15  
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C. Terminal  Phase 

The CCdS s u c c e s s f u l l y  commanded t h e  f o l l o w i n g  f u n c t i o n s  d u r i n g  t h e  
t e r m i n a l  maneuver sequence:  

Break s o l a r  lock. 

a )  S t a r t  v i d i c o n  warmup. 

b )  

S t a r t  and s t o p  commanded yaw t u r n .  

S t a r t  and s t o p  commanded second p i t c h  t u r n .  

a )  Telemetry t o  s c i e n t i f i c  mode. 

b )  S t a r t  v i d i c o n  p u l s e  t r a i n .  

Uncover v i d i c o n  lehs. 

a )  Deploy a l t i m e t e r  ( n o  v e r i f i c a t i o n  of its e x t e n s i o n  was 

S t a r t  and s t o p  f i r s t  commanded p i t c h  t u r n .  

o b t a i n e d ) .  

Deploy low-gain an tenna .  

Turn on a l t imeter .  

a)  Commutate s c i e n t i f i c  d a t a .  

An e x t r a n e o u s  p i t c h  t u r n  command occur red  a f e w  seconds  a f t e r  t h e  first 
The h igh-  commanded t u r n  ended and con t inued  u n t i l  t h e  commanded yaw t u r n  ended. 

g a i n  an tenna  t r a c k e d  t h e  E a r t h  as  t h e  s p a c e c r a f t  c o n t i n u e d  p i t c h i n g  u n t i l  t h e  
E a r t h  s e n s o r  s h i e l d  b locked  off t h e  E a r t h ,  When t h e  E a r t h  s e n s o r  mounted a l o n g  
t h e  an tenna  ax i s  l o s t  t h e  E a r t h q s  l i g h t ,  a r o l l  s e a r c h  was started and t h e  h igh-  
g a i n  an tenna  beam moved away from t h e  Ear th .  During t h e  commanded yaw t u r n ,  
wh i l e  s t i l l  p i t c h i n g  and r o l l i n g ,  t h e  an tenna  a p p a r e n t l y  locked  on t h e  Moon. 
p r e c i s e  s p a c e c r a f t  o r i e n t a t i o n  d u r i n g  and a f t e r  t h i s  p e r i o d  is s t i l l  be ing  i n -  
v e s t  i g a t e d  , 

The 
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V I ,  ESTIMATION OF THE O R B I T  

The premidcourse and postmidcourse o r b i t s  were determined using the J P L  
O r b i t  3etermination Program (ODP). The o r b i t a l  parameters and t r a j e c t o r y  cha 
t e r i s t i c s  of these o r b i t s  a r e  tabulated i n  Table X I  f o r  selected t ra jec torv  e 

Figure 1 shows the hel iocentr ic  o r b i t s  of t h e  Earth and nrobe during t h e  
year January 27 ,  1962 t o  January 2 6 ,  1963,  

The legend applying t o  Table X I  follows, 

x, Y ,  z Vernal equinox Cartesian coordinates i n  a geocentric equa- 
t o r i a l  system. 
3ody. The Drincipal d i rec t ion  (XI is the vernal equinox 
direct ion of date and the Dzincipal plane (XY) is the 
equator ia l  p l a n e  of date ,  
the Earth 's  spin axis  of date (Kilometers), 

r irst  time der ivat ives  of X ,  Y, and Z ,  respectively,  i . e . $  
Cartesian components of the probe s ~ a c e - f i x e d  velocity 
vector (Kilometers/Second), 

The or igin is t h z c e n t e r  of the Central 

Z is along the direct ion of 

i ,  i, i 

For Carth as Central dody 

Q Probe radius distance (Kilometers). 

P Probe geocentric l a t i t u d e  (Degrees). 

0 Probe e a s t  longitude (Degrees), 

V Probe Earth-fixed velocity (Kilometers/Second). 

Y Pitch angle of t h e  probe Earth-fixed velocity vector w i t h  
respect t o  the l o c a l  horizontal  (Degrees), 

(I Azimuth angle of the probe Earth-fixed velocity vector 
measured eas t  of t rue  north (Degrees), 

f o r  Moon as  Central Body 

R Probe rddius distance (Kilometers) a 

(5 Probe selenocentr ic  l a t i t u d e  (Degrees a 

6 Probe selenocentr ic  e a s t  longirude (Degrees), 

V Probe selenocentric-fixed veloci ty  (Kilometers/Second), 

Y Pitch angle of the probe selenocentric-fixed velocity 
vector w i t h  respect t o  the l o c a l  horizontal  (Degrees), 

Azimuth angle o f  the probe selenocentric-fixed velocity 
vector measured eas t  of the Moon's mean spin a x i s  (Degrees), 

(I 
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For Sun as Central Body 

K Sun-Probe radius dis tance (Kilometers). 

56 Probe c e l e s t i a l  declination (Degrees). 

e Probe c e l e s t i a l  r i g h t  ascension (Degrees), 

V Probe space-fixed velocity (Kilometers/Second), 

Y P i t c h  angle of t h e  probe space-fixed velocity vector 
w i t h  respect t o  tne l o c a l  horizontal  (Degrees), 

U Azimuth angle of the probe space-fixed velocity vector 
measured eas t  of t rue north (Degrees), 

sz 
0 

V 

Semi-major a x i s  (Kilometers). 

Eccentr ic i ty ,  

Inclination of the o r b i t  plclne t o  the equator ia l  
plane (Degrees 1, 

Longitude of the ascending node (Degrees). 

Argument of per icenter  (Degrees), 

True  anomaly (Degrees), 

Period is measured i n  days, apogee and perigee 
i n  kilometers. 
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Figure I, Heliocentric Orb i  s of the Earth and Probe for th 
Ending January 26 2963 Projected i n  the Equatori 
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